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Abstract: With the fast development of information storage, exploiting new concepts for dense, fast,
and non-volatile random access memory with reduced energy consumption is a significant and
challenging task. To realize this goal, electric-field control of magnetism is crucial. In this regard,
multiferroic materials are important and have attracted much attention due to their interesting new
physics and potentials for exploring novel multifunctional devices [1, 2]. In the multiferroic
materials, electric polarization can be tuned by applying an external magnetic field or vice versa.
This magnetoelectric (ME) effect originates from the coupling of the magnetic and ferroelectric
orders. However, single-phase multiferroic materials are rare and the multiferroic heterostructures,
composed of ferromagnetic (FM) and ferroelectric (FE) materials, provide an alternative way for
exploring the ME coupling effect. One of the key issues in the study of the FM/FE heterostructures
is the control of magnetism via electric fields, which is essential for the new generation information
storage technology. We have combined ferroelectric Pb(Mg1/3Nb2/3)0.7Tio.303 (PMNT) with different
materials and studied the electric-field control of magnetic and electronic transport properties of
thin films and magnetic tunnel junctions grown on PMNT [3]. In this talk, I’ll present our recent
progress in electric-field control of magnetism in magnetic thin films, multilayers, magnetic tunnel
junctions and small islands grown on PMNT, involving some interesting behaviors as revealed by
both macroscopic and spatially-resolved techniques [4], for example, the giant nonvolatile
manipulation of magnetoresistance in magnetic tunnel junctions by electric fields via
magnetoelectric coupling. Our work demonstrates the interesting new physics and potential
applications of electric-field control of magnetism in multiferroic heterostructures.

Keywords: multiferroic heterostructures, electric-field control of magnetism and transport,

magnetic tunnel junctions, mesoscopic
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With the unprecedented advances in the material fabrication, oxide-based
heterostructures and superlattices can now be synthesized with superior crystallinity
and atomic abruptness. These high-quality interfaces provide an ideal platform for the
investigation and utilization of the interfacial interplays of charge, spin, lattice, and
orbit. For instance, the emergent while unexpected interfacial effects, such as
two-dimensional electron gas (2DEG) [1,2], were discovered.

In this talk, I will present one of our recent studies, where we demonstrated an
erasable and recreatable 2DEG at an interface between an amorphous Sr3Al>Og
(a-SAO) overlayer and a single crystalline SrTiO3 (STO) substrate [3]. As shown in
Figure 1, by depositing or removing the a-SAO at room temperature in a facile room
temperature process, the 2DEG in the oxide heterostructure can be recreated or erased,
respectively. Furthermore, in the process of removing the a-SAO, an additional
transition of nonlinear to linear Hall resistance is also observed, demonstrating two
types of carriers in the oxide heterostructure. I will discuss the origin of the 2DEG and
also the impact of the dielectric properties of the STO onto the 2DEG.

We believe the water-dissolvable 2DEG with an advantage of room-temperature
erasing, creation and patterning processes could inspire an approach for realizing the
highly demanded environment-friendly and recyclable electronic devices in a facile
and scalable manner. Furthermore, the physics involved in the 2DEG also provides
insights into the properties of SrTiO3 surface and related 2DEG.


mailto:renshaw@ntu.edu.sg

(a) Before dissolving (c) A AT a-SAO
. = ¢ i g ! : ! : Just after ¢
s [ B o [ 1st 12nd ! 3rd | 4th ¢ Sth | growth ﬂ
4 R o | (t=0min)
107 Fma [ ™} IER STO
i ! substrate
200 pm i
== 1
n | a
% ; | ] One drop
S | (ofwater ‘
| (t =30 min) \

(b) After dissolving E STO
.« & % 10 | i3 substrate
MV 5 ||

- 1 E
- 1 4
3 ! L
:___A__—L# #_"#___'7[/"_"_. Completely
Measurement limit >—'Dissolved
200 107 U A——t/pLd (¢ = 0 or 60 min) S.';O
st 0 30 ) 30 0 3o 0 30 0 300 30 substraté
t (min)

Figure 1. Water-dissolvable and recyclable electronic devices. 20 nm a-SAO/STO (001)
heterointerface with a Hall bar pattern (a) before and (b) after the a-SAO overlayer dissolving into
the DI water. (¢) Time dependence of sheet conductance, Ss, at 300 K in ambient condition for 20
nm a-SAO/STO (001). The vertical dash lines indicate that a drop of water is added on the Hall
bar device, the horizontal dash line indicates the measurement limit. The right pannels
schematically illustrated the three states of the electronic device: (top) metallic just after growth
(at each t = 0 min), (middle) a fast metal-to-insulator transition with one drop of DI water added
on the device (at each t = 30 min), and (bottom) becoming insulating after the a-SAO fully
dissolved into the DI water (at each 30 min <t < 60 or 0 min).
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One of the central challenges in realizing magnetoelectric (ME) devices lies in finding a
deterministic way to modulate magnetism in integrated circuits with a circuit-operation voltage.
Ionic liquid (IL) gating on magnetic thin films with abundant electronic, chemical and magnetic
interactions at the interface has become an emerging technology for controlling magnetism in a
fast, compact and energy-efficient way. Compared with conventional strain effect dominated
piezo/ferroelectric layer multiferroics, IL gating method has advantages like small gating voltage
(Vg<5 V), easy-to-integration and compatibility with varied substrates such as Si, flexible
substrates etc. In additional, unlike the oxide structures require a high temperature to overcome the
oxidation energy barrier, the IL gating control process can be operated at room temperature,
suitable for applications in room temperature environment. Here, we will summarize our recent
progresses of IL gating control of magnetism in varied magnetic heterostructures, as well as in
dfferent manners.['3] As IL gating process, proven to be a truly powerful and compatible gating
method, enables giant ME tunability in different heterostructures and provides a tremendous
potential in next generation of voltage-tunable spintronics/electronics.
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Phase-transition induced giant negative electrocaloric effect in a lead-free

relaxor ferroelectric thin film
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Ferroelectric/antiferroelectric thin/thick films with large positive or negative
electrocaloric (EC) effect could be very useful in designing commercial refrigeration
devices. Here, a giant negative EC effect (maximum AT ~ —42.5 K with AS ~—29.3 ]
K1 kg!) comparable to the best positive EC effects reported so far is demonstrated for
0.5(Bao.sCan.2) TiO3-0.5Bi(MgosTios)O3 (BCT-BMT) lead-free relaxor ferroelectric
thin films prepared on Pt(111)/TiOx/SiO./Si substrates using a sol-gel method. An
electric-field induced structural phase transition (nanoscale tetragonal and
orthorhombic to rhombohedral) along the out-of-plane [111] direction plays a very key
role in developing the giant negative EC effect. This breakthrough will pave the way for
practical applications of next-generation refrigeration devices with high cooling
efficiency in one cycle by ingeniously utilizing and combining both the giant negative
and positive EC effects. Moreover, a large energy density of 51.7 J cm™ with a high
power density of 1.15x101° W kg* at room temperature is also achieved in the thin film,
indicating that it is also an attractive multifunctional material for energy storage.

References

[1] Biaolin Peng, Qi Zhang, Bai Gang,d Glenn J. T. Leighton, Christopher Shaw,
Steven J. Milne, Bingsuo Zou, Wenhong Sun, Haitao Huang and Zhonglin Wang,
Phase-transition induced giant negative electrocaloric effect in a lead-free relaxor
ferroelectric thin film, Energy Environ. Sci., 2019, 12, 1708-1717.



LHRS: O
Anomalous Photovoltaic Effect in Ferroelastic BiVO4 and Beyond

Zhiguo Yi (% & H)

Shanghai Institute of Ceramics, Chinese Academy of Sciences, 585 Heshuo Road,
Shanghai 201899, China

Email: zhigsuo@mail.sic.ac.cn

Abstract: The anomalous photovoltaic (APV) effect is an intriguing phenomenon and rarely
observed in bulk materials that structurally have an inversion symmetry. In this talk, the discovery
of such an APV effect in a centrosymmetric vanadate, BiVO4, where noticeable above-bandgap
photovoltage and a steady-state photocurrent are observed in both ceramics and single crystals
even when illuminated under visible light, is reported. Moreover, the photovoltaic voltage can be
reversed by the stress modulation, and a sine-function relationship between the photovoltage and
stress directional angle is derived. Microstructure and strain-field analysis reveal localized
asymmetries that are caused by strain fluctuations in bulk centrosymmetric BiVO4. On the basis of
the experimental results, a flexoelectric coupling via a strain- induced local polarization
mechanism is suggested to account for the APV effect observed. Furthermore, some other
materials are also discussed to distinguish APV effect induced by ferroelectric polarization and

strain gradient.
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Figure 1. Anomalous photovoltaic effect in a centrosymmetric vanadate BiVOa,
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Electric-field control of magnetism and transport in
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Abstract: With the fast development of information storage, exploiting new concepts for dense, fast,
and non-volatile random access memory with reduced energy consumption is a significant and
challenging task. To realize this goal, electric-field control of magnetism is crucial. In this regard,
multiferroic materials are important and have attracted much attention due to their interesting new
physics and potentials for exploring novel multifunctional devices [1, 2]. In the multiferroic
materials, electric polarization can be tuned by applying an external magnetic field or vice versa.
This magnetoelectric (ME) effect originates from the coupling of the magnetic and ferroelectric
orders. However, single-phase multiferroic materials are rare and the multiferroic heterostructures,
composed of ferromagnetic (FM) and ferroelectric (FE) materials, provide an alternative way for
exploring the ME coupling effect. One of the key issues in the study of the FM/FE heterostructures
is the control of magnetism via electric fields, which is essential for the new generation information
storage technology. We have combined ferroelectric Pb(Mg1/3Nb2/3)0.7Tio.303 (PMNT) with different
materials and studied the electric-field control of magnetic and electronic transport properties of
thin films and magnetic tunnel junctions grown on PMNT [3]. In this talk, I’ll present our recent
progress in electric-field control of magnetism in magnetic thin films, multilayers, magnetic tunnel
junctions and small islands grown on PMNT, involving some interesting behaviors as revealed by
both macroscopic and spatially-resolved techniques [4], for example, the giant nonvolatile
manipulation of magnetoresistance in magnetic tunnel junctions by electric fields via
magnetoelectric coupling. Our work demonstrates the interesting new physics and potential
applications of electric-field control of magnetism in multiferroic heterostructures.

Keywords: multiferroic heterostructures, electric-field control of magnetism and transport,

magnetic tunnel junctions, mesoscopic
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High Performance Organic Field—-Effect Transistor with
Matching Energy—-Band Al ignment between Organic
Semiconductor and the Charge—-Trapping Dielectric
Y.R. Wang, Y.B. Yang, P. Ding, Q. Wei, X. Gao, S.D. Wang, C.

Liu, A.D. Li, J. Yin*, Y.D. Xia and Z.G. Liu

National Laboratory of Solid State Microstructures, and Collaborative Innovation
Center of Advanced Microstructures, Jiangsu Key Laboratory of Artificial Functional
Materials, Department of Materials Science and Engineering, College of Engineering
and Applied Sciences, Nanjing University, Nanjing 210093, People’s Republic of
China
Institute of Functional Nano & Soft Materials (FUNSOM), Soochow University,
Suzhou, Jiangsu 215123, People’s Republic of China
E-mail: 529450588@qq.com
Keywords: organic field-effect transistor, nonvolatile memory, charge-trapping,
energy-band alignment, pentacene
Abstract

High performance bottom-gate nonvolatile organic field-effect transistor (OFET)
device based on a special matching energy-band alignment between organic
semiconductor pentacene and the charge-trapping dielectric ZnTe are reported. The
lower potential difference between the conduction band minimum of ZnTe and the
lowest unoccupied molecular orbital of pentacene with a weak electron conductivity
endows the OFET a memory window of 10 V at an applied sweeping gate-voltage of
+ 15 V, a high Ion/Iorr ratio of more than 10°, and a good retention property with a
high Ion/Iorr ratio of 6 X 10° after 10* s. The large memory window of the OFET was
attributed to the unique energy-band alignment of the memory device and the high
density of traps in Te-deficient ZnTe film, and the prominent retention property was
attributed to the deeply trapped electrons in the potential well formed by Al,Os3

tunneling and blocking layers.
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behavior of the Au/NiO/FTO structure at 295 K. Inset shows the sample
schematic illustrating the top electrode is the Au probe and the bottom electrode
is the FTO substrate. (b) Typical quantum conductance effect observed during
the RESET process of the Au/NiO/FTO structure. Inset shows the 10

consecutive RESET and SET processes in logarithmic coordinates.
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Brownmillerite oxides adopt the AcB,Os stoichiometry, which can be thought to be derived
from the very common A B); perovskite structure via the replacement of 1/6th of the oxygen ions
by vacancies. Brownmillerites are currently attracting a lot of attention as evidenced by, e.g., the
recent findings of (i) their potential use for oxygen storage/release !; (ii) providing an effective

21, (iii) novel type of ferroelectricity

means for reversible oxidation and reduction processes !
involving an original quadratic-bilinear coupling 1l; and (iv) their involvement in a reversible and
non-volatile electric-field control of a tri-state phase transformation by a selective dual-ion switch
that induces electrochromic and magnetoelectric effects [4,

Here, we conduct first-principles calculations on a prototype of brownmillerite oxides, that is
CayFeAlOs, to reveal and explain the existence of many structural states, including ones with long
periods, having close energy but rather different physical properties. Examples are polar states
with different quantized-like electrical polarizations and significant linear magnetoeletric
coefficients, as well as antipolar phases. These states can also differentiate themselves by the
direction of their predominant antiferromagnetic vector and of their weak magnetization, which
hints towards unusual magnetoelectric effects - such as rotating the magnetization by applying an
electric field. All these features can be traced back to the oxygen tetrahedral pattern that is
inherent to brownmillerites, and the energetic easiness to alter such pattern. Furthermore, these
features are also found in other brownmillerites, which emphasizes their generality.

Key words: Brownmillerite oxides, Electrical polarization, Magnetoelectric effects
References:
[1] Q.Lue t , Valtage-Controlled Topotactic Phase Transition in Thin-Film SrCoOx Monitored by In Situ
X-ray Diffraction, Na n o 2016, 161 1186.
[2] A.Khare e t , Tapbtactic Metal-Insulator Transition in Epitaxial StFeOx Thin Films, Ad v . M&t
29, 1606566.
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Abstract: In many industries closely related to humans, such as clothing, printing, food, etc., with
the wide application of slurry, rayon alkalizide and other new auxiliaries, a large number of
refractory organic substances are mixed into printing and dyeing wastewater. There are many

methods of physical technology, biological methods, chemical treatment and photocatalytic
technology to treat the dye wastewater, However, there were a series of problems such as lack of
energy and insufficient light. Therefore, it is particularly important to develop new technologies
for dye wastewater treatment. Vibration energy is widely distributed in the living environment and
is available anytime which has become a hot research in recent years.

The piezoelectric activity of Ko sNagsNbO3 (KNN) was thoroughly investigated by annealing
KNN at a series of temperatures and poling KNN under different electric-fields by us. With the
application of an ultrasonification, the degradation activity for the Rhodamine B (RhB) dye
molecules of the poled KNN was 253% higher than that of unpoled samples. The piezocatalytic
activity of the poled KNN was significantly improved, which stemmed from the orderly
ferroelectric domain to effectively reduce the recombination rate of the carriers by the built-in
electric field. In addition, the superior piezocatalytic activity was achieved at KNN materials with
the average grain size of ~0.29 um, and after 160 minutes of mechanical vibration, the degradation
rate of RhB (~5mg/L) was as high as 95.7%. The high mechanical catalytic degradation rate of
KNN materials reveals a bright application prospects in vibration catalytic degradation of organic
pollutants.

Keywords: Potassium sodium niobate; Piezoelectric effect; Vibration catalysis; Dye degradation
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Abstract: Tuning the electric properties of crystalline solids is at the heart of material science and
electronics. However, limited by the linear electric response of most dielectrics, the electrostatic
gating requires restricted stereo device structure design. This strongly hinders the device
miniaturization beyond Moore’s law and limits their application in specific areas only. Here,

utilizing the unique electric dipole locking in van der Waals (vdW) ferroelectric a-1n,Ses, we
report a new approach to establish the electric gating effect, where the electrostatic doping in the
out-of-plane direction is induced and controlled by an in-plane voltage. With the vertical vdW
heterostructure of ultrathina-In;Ses and MoS,, we validate an in-plane voltage gated coplanar
field-effect transistor (CP-FET) with distinguished and retentive on/off ratio. Our results
demonstrate unprecedented electric control of ferroelectricity, which paves the way for integrating
two-dimensional (2D) ferroelectric into novel nanoelectronic devices with broad applications.

Key words: dipole locking, van der Waals ferroelectric, a-In2Ses, coplanar field-effect transistor
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Figure 1. Demonstration of the in-plane voltage gated field-effect transistor. (a)3D schematic
diagram of the CP-FET. The CP-FET is fabricated by vertically stacking MoS; and a-In,Ses thin
layers. (b) The hysteretic in-plane ferroelectric gating of the CP-FET. The conductance of the
MoS; channel is tuned by the IP gate voltage with clear electrical hysteresis loop. (c) and (d) Time
dependent conductance study of the CP-FET.The variation of the channel current follows the
decay of the electric polarizations. The arrow indicates the measuring sequence.

[1] Li,Y.; Zeng, H; et al. Orthogonal electric control of the field-effect with two-dimensional
ferroelectric. Submitted, 2019.
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